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STRUCTURAL CELLS, MATRICES AND
METHODS OF ASSEMBLY

CROSS REFERENCE TO RELATED
APPLICATION

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 17/322,783 filed on May 17, 2021, which 1s a

continuation of U.S. patent application Ser. No. 16/929,126,
filed on Jul. 15, 2020 and 1ssued as U.S. Pat. No. 11,008,766,

which 1s a continuation of Ser. No. 16/540,047, filed on Aug.
13, 2019, and 1ssued as U.S. Pat. No. 10,718,122, which 1s
a continuation of U.S. patent application Ser. No. 15/811,
043, filed on Nov. 13, 2017 and 1ssued as U.S. Pat. No.
10,415,260, the entire disclosures of which are incorporated

by reference herein 1n their entireties.

TECHNICAL FIELD

Described herein are improvements in structural cells,
matrices and methods of assembly. More specifically, struc-
tural cells and matrices using the structural cells are
described for positioning below a hardscape that define a
void space therein, the structural cells, matrices using the
cells and methods of assembly allowing in one embodiment
the mtroduction of a structural fluid such as concrete i a
part of parts of the cell to alter the structural cell and matrix
product characteristics.

BACKGROUND ART

Structural cells for under hardscapes that support a com-
pressive load have been used for a number of years now. Art
products are typically plastic mouldings using spaced apart
legs and a base, top or other retraining structure to align the
legs. The legs take up compressive loading on the cell
allowing the void space iside the cell to be used for
applications such as tree root growth 1n uncompacted soil or,
water reservoir use where the void space 1s used to capture
and retain storm water. There can also be other uses for
structural cells or matrices using the structural cells where
void space 1s needed 1n order to fill a volume and where
some degree of structural strength and integrity 1s

required—one example might be 1n the construction of

roadside berms where structural cell matrices may provide
an alternative to transporting and delivery of significant
volumes of infill.

One drawback of existing designs may be complexity.
Another drawback may be 1n cost. A further drawback may
be 1n structural strength achieved from plastic. Another
drawback may be a perceived lack of structural capability 1in
civil and structural applications from a material like plastic.
A further drawback may be that of plastic deflection
whereby plastic art cells may move elastically when placed
under load which 1s an 1ssue when brittle or non-elastic
materials are coupled with the cells and matrices.

The structural cells, matrices and methods of assembly
described herein attempt to address at least some of the
above drawbacks or at least provide the public with a choice.

Further aspects and advantages of the structural cells,
matrices and methods of assembly will become apparent
from the ensuing description that 1s given by way of example
only.

SUMMARY

Structural cells and matrices using the structural cells are
described heremn for positioning below a hardscape that
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2

define a void space therein, the structural cells, matrices
using the cells and, methods of assembly, allowing in one
embodiment the introduction of a structural fluid such as
concrete to provide an alternative structural cell and matrix
product.

In a first aspect, there 1s provided a structural cell assem-
bly, the assembly comprising:

a structural cell with a plurality of legs integrally linked
to a frame at a first frame end, the frame linking the legs
together and the frame defining a generally flat plane
with the legs extending substantially orthogonally
away from the first frame end to a leg terminal end; and

a separate plate engaging the legs, the separate plate
comprising:

linked sockets, each socket engaging the leg terminal end;
and/or

linked sockets, each socket engaging the leg frame ends
or a part thereof.

In a second aspect, there 1s provided a structural cell
formwork that 1s configured to recerve and retain a structural
fluid therein, the structural cell comprising:

a plurality of hollow legs integrally linked to a frame at a
first frame end, the frame linking the legs together and
the frame defining a generally flat plane with the legs
extending substantially orthogonally away from the
first frame end to a leg terminal end; and

wherein the frame and hollow leg interior collectively
define an 1nternal void space that receives and retains a
structural fluid placed therein.

In a third aspect, there 1s provided a load bearing matrix

comprising;

a plurality of structural cells aligned vertically and/or
horizontally; and

a plurality of separate plates, each separate plate being
approximately the same width and length as each
structural cell, the separate plates located on top of the
plurality of structural cells and/or below the plurality of
structural cells; and

wherein each structural cell comprises a plurality of legs
integrally linked to a frame at a first leg frame end, the
frame defimng a generally flat plane with the legs
extending substantially orthogonally away from the
first leg frame end to a leg terminal end; and

wherein each separate plate comprises plate sockets
linked together via lateral connectors that engage with
cither an opeming 1n the first leg frame end of a first
structural cell, or the leg terminal end of a second
structural cell.

In a fourth aspect, there i1s provided a structural cell
formed from hardened structural fluid, the structural cell
comprising;

a plurality of solid legs linked to a frame at a first frame
end, the frame defining a generally flat plane with the
legs extending substantially orthogonally away from
the first frame end to a leg terminal end; and wherein
the structural cell defines a free void space therein, the
free void space defined by the frame width and depth
and the leg height, less any space used within this
volume for the legs or frame parts.

In a fifth aspect, there 1s provided a load bearing matrix

comprising;

a plurality of structural cells stacked vertically and/or
horizontally wherein each structural cell 1s formed as
one element from hardened structural fluid, each struc-
tural cell comprising:

a plurality of solid legs linked to a frame at a first frame
end, the frame defining a generally flat plane with the
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legs extending substantially orthogonally away from
the first frame end to a leg terminal end; and wherein
the structural cell defines a free void space therein, the
free void space defined by the frame width and depth
and the leg height, less any space used within this
volume for the legs or frame parts.

In a sixth aspect, there 1s provided a method of forming
a load bearing matrix, the method comprising the steps of:

select at least one structural cell substantially as described

above and a substrate on which the load bearing matrix
will be formed:;

place separate plates on the substrate;

place a first layer of structural cells on the separate plates;

repeat placing of structural cell layers vertically until the

desired matrix height 1s reached;

place separate plates on top of the final structural cell

layer; and optionally,

placing a load on the matrix.

Advantages of the above may include elimination of
deflection of the legs or other cell parts when the cell or
matrix of cells are subjected to a compressive load. Deflec-
tion using art products may be very low but this still may be
of some 1mportance when used beneath pavements subjected
to unrestricted or dynamic vertical loads. The structural cell
described may better withstand compressive loads and may
be filled with a structural fluid like concrete 1 order to
completely prevent any vertical detlection at all. Concrete 1n
particular may represent a useful structural fluid since 1t 1s
well understood and widely used and accepted 1n structural
applications.

BRIEF DESCRIPTION OF THE DRAWINGS

Further aspects of the structural cells, matrices and meth-
ods of assembly will become apparent from the following
description that 1s given by way of example only and with
reference to the accompanying drawings in which:

FIG. 1 illustrates an exploded perspective view of one
configuration of structural cell matrix;

FIG. 2 illustrates an exploded perspective view of an
alternative configuration of a structural cell matrix;

FIG. 3 illustrates an embodiment of a perspective view
from above of a 3x3 leg configuration {frame and legs;

FIG. 4 1llustrates the 3x3 frame and leg arrangement
above 1n a plan view;

FIG. § illustrates the 3x3 frame and leg arrangement
above 1n a side view;

FIG. 6 1llustrates a perspective view of a free collar;

FI1G. 7 1llustrates a perspective view of a separate frame;

FIG. 8A illustrates a plan view of a matrix comprising
four 3x3 frame and leg units and a detail view 8B;

FIG. 9A 1llustrates a side view of the matrix above and a
detail view 9B;

FI1G. 10 illustrates a perspective view from above of a part
assembled matrix;

FIG. 11 1llustrates detail 11 noted in FIG. 10 above;

FIG. 12 illustrates detail 12 noted 1n FIG. 9 above;

FIG. 13 1illustrates a perspective view from above of an
alternative part assembled matrix; and

FIG. 14A 1illustrates a side view of the alternative part
assembled matrix of FIG. 13 and detail 14B.

DETAILED DESCRIPTION

As noted above, described herein are structural cells and
matrices using the structural cells for positioning below a
hardscape that define a void space therein, the structural

5

10

15

20

25

30

35

40

45

50

55

60

65

4

cells, matrices using the cells, and methods of assembly,
allowing in one embodiment the introduction of a structural
fluid such as concrete to provide an alternative structural cell

and matrix product.

For the purposes of this specification, the term ‘about’ or
‘approximately’ and grammatical variations thereof mean a
quantity, level, degree, value, number, frequency, percent-
age, dimension, size, amount, weight or length that varies by
as much as 30, 25, 20, 15, 10, 9,8, 7, 6, 5,4, 3, 2, or 1% to
a relerence quantity, level, degree, value, number, frequency,
percentage, dimension, size, amount, weight or length.

The term ‘substantially” or grammatical variations thereof
refers to at least about 50%, for example 753%, 85%, 953% or
08%.

The term ‘comprise’ and grammatical varniations thereof
shall have an inclusive meaning—i.e. that 1t will be taken to
mean an inclusion of not only the listed components 1t
directly references, but also other non-specified components
or elements.

The term ‘cell” and ‘structural cell” and grammatical
variations thereof are used interchangeably and reference to
one or the other should not be seen as limiting.

The term ‘matrix’ and grammatical variations thereof
refers to multiple structural cell aligned in a horizontal
plane, aligned 1n a vertical plane and/or aligned in both a
horizontal and vertical plane.

Structural Cell Assembly

In a first aspect, there 1s provided a structural cell assem-

bly, the assembly comprising:

a structural cell with a plurality of legs integrally linked
to a frame at a first frame end, the frame linking the legs
together and the frame defining a generally flat plane
with the legs extending substantially orthogonally
away from the first frame end to a leg terminal end; and

a separate plate engaging the legs, the separate plate
comprising;:

linked sockets, each socket engaging the leg terminal end;
and/or

linked sockets, each socket engaging the leg frame ends
or a part thereof.

Structural Characteristics

The structural cell may resist a compressive load imposed
about the leg longitudinal axis or plurality of leg axes.

The structural cell absent of any structural fluid (described
in more detail below) may have a crush resistance or
compressive strength of at least approximately 100, or 125,
or 150, or 173, or 200, or 225, or 250, or 275, or 300, or 323,
or 350, or 373, or 400, or 425, or 450, or 475, or 500, or 5235,
or 550, or 575, or 600 kPa. The structural cell described may
have a compressive strength of greater than 150 kPa. Alter-
natively, the structural cell described may have a compres-
s1ve strength of greater than 300 kPa. The exact compressive
strength may depend on the final application—Ilow load
bearing applications may for example require minimal com-
pressive strength while high load bearing applications, such
as a roadway bearing heavy vehicles, may require signifi-
cantly more compressive strength. The use or otherwise of
a structural fluid 1n the cell (described further below) may
also have some bearing on the compressive strength of the
cell described herein. As described further below, the struc-
tural cell may have an additional structural fluid added and
the structural cell itself may merely act to receive and retain
the structural fluid, at least until hardening or setting, and
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may not itself provide any significant structural load capac-
ity to the hardscape. In this embodiment, the structural cell
itself may even have a compressive strength below 100 kPa.
As may be appreciated, art structural cells may achieve
similar (or lower) compressive strength however, the inven-
tor has found that the material volume required to form the
structural cells described herein 1s far more eflicient relative
to compressive strength. By way of example, the mventor
has found that art structural cells which achieve compressive
strengths of 150 kPa or 300 kPa using 10, or 15, or 20, or
25, or 30, or 35, or 40, or 45, or 50% more material volume
than a similar structural cell described herein for the same
compressive strength rating. This material volume (usually
plastic) saving equates to significant cost benefits 1n terms of
materials used to manufacture the cells and, also consider-
ably faster manufacture (perhaps up to 20% faster manu-
tacturing speed 1n the inventor’s experience).

The compressive strength noted above may be measured
by placing a structural cell between two steel plates of a
similar or greater area as the cell width and depth. The steel
plates used may typically be 20-30 mm thick. The steel plate
welghts may apply a fixed measurable force load/pressure to
the cell between the steel plates. Additional force load/
pressure may then be applied to the structural cell between
the steel plates until at least partial collapse/plastic defor-
mation of the structural cell occurs. The load or pressure at
which collapse/plastic deformation occurs may be defined as
being the compressive strength of the structural cell.

As may be appreciated, compressive strength as measured
above 1s not a pertect measure of structural cell integrity as,
at least a degree of elastic deformation may occur to the
structural cell prior to collapse/plastic deformation. The true
structural strength 11 elastic deformation 1s used as a primary
measure, may in fact be 5, or 10, or 15, or 20, or 235, or 30%
lower than the measured compressive strength at which
collapse occurs. As a result, where deflection 1s to be
avoided, the compressive strength of art plastic cells may be
significantly overstated.

The structural cell described herein may be designed,
even without a structural fluid, to minimise elastic defor-
mation or detlection so that the structural cell resists elastic
deformation/detlection up to a point around 20, or 15, or 10,
or 5% below the final compressive strength when collapse/
plastic deformation occurs. Whilst not wanting to be bound
to theory, 1t 1s understood that at least 1n part, this additional
resistance to detlection may be due to way the frame of the
structural cell described herein 1s arranged relative to the
legs and/or the circular/conical leg shape acting to efliciently
transfer a load to the frame/cell.

The structural cell may at least partly bear the load of a
hardscape placed on the structural cell.

The structural cell may at least partly bear a load applied
by an object on a hardscape placed over the structural cell.

Alternatively, the structural cell may bear the load of a
structural fluid poured therein.

Void Space

The overall structural cell shape may be substantially
defined by the extent of the frame width, depth and the leg
length. There may be no other items or parts present about
the structural cell height other than the legs. When viewed
side on, each structural cell may present unobstructed open-
ings or void space completely through the structural cell
between the legs.
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The overall structural cell volume may be defined by a
free void space, an internal void space and a portion of
structural cell matenal 1tself.

The free void space may be the space defined by the frame
width and depth and the leg height less any space used
within this volume for the legs or frame parts and any
internal void space within the legs and frame.

The internal void space may be defined by any volume of
space within the legs or frame not accessible from within the
free void space. As should be appreciated, none of the leg
volume may be accessible from the free void space 1f the
legs are continuous in form along their length, for example
being solid legs or alternatively being hollow legs but
without any openings accessible from inside the free void
space. Alternatively, at least some of the leg volume may be
accessible to the free void space if the leg or legs are hollow
internally and 1f an opening existed in the leg sides for
example. Either option may be possible depending on the
desired end configuration and outcome.

The free void space may be at least approximately 73, or
76, or 77, or 78, or 79, or 80, or 81, or 82, or 83, or 34, or
85, or 86, or 87, or 88, or 89, or 90% of the overall structural
cell volume. The structural cell free void space may be
approximately 75-85%, or 80-85%, or 85-90% of the overall
structural cell volume.

The mternal void space may be at least approximately 1,
or 2, or3,ord,ord orb6,or7,or 8 or9, or 10, or 11, or
12, or 13, or 14, or 15, 0r 16, or 17, or 18, or 19, or 20, or
21, or 22, or 23, or 24, or 25% of the overall structural cell
volume. The structural cell internal void space may be
approximately 15-25%, or 10-15%, or 3-10%, or 1-5% of
the overall structural cell volume.

Number and Leg Configuration

The structural cell may have multiple legs, the legs
arranged relative to each other 1n regular or even patterns
that collectively spread a compressive load placed on the
structural cell frame.

The structural cell may have two legs. The two legs may
be arranged beside each other 1n a common vertical plane.

The structural cell may have three legs. The three legs
may be arranged beside each other in a common vertical
plane. The three legs may alternatively be arranged to form
a triangular shape about a horizontal plane.

The structural cell may have four legs. The four legs may
be arranged beside each other 1n a common vertical plane.
The four legs may alternatively be arranged to form a square
shape about a horizontal plane.

The structural cell may have five legs. The five legs may
be arranged beside each other 1n a common vertical plane.
The five legs may alternatively be arranged to form a
pentagon shape about a horizontal plane.

The structural cell may have six legs. The six legs may be
arranged beside each other 1n a common vertical plane. The
s1X legs may alternatively be arranged to form a rectangular
shape about a horizontal plane. The six legs may alterna-
tively be arranged to form a triangular shape about a
horizontal plane. The six legs may alternatively be arranged
to form a hexagon shape about a horizontal plane.

The structural cell may have nine legs. The nine legs may
be arranged beside each other 1n a common vertical plane.
The nine legs may alternatively be arranged to form a square
shape about a horizontal plane.
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The structural cell may have ten or more legs, the legs
arranged 1n repeating patterns that evenly spread a compres-
sive load placed thereon.

Leg Shape

The legs may be substantially round or elliptical in

cross-section and tubular in length.

The tubular legs may be conical. The tubular legs may
alternatively be at least 1n part frustoconical along the leg
length.

Alternatively, the legs may be polygonal 1n cross-section
at least 1n part along the leg length. The polygonal leg
cross-section may be triangular, square, pentagonal, hexago-
nal, octagonal and so on.

The structural cell legs may have a common cross-
sectional form along the leg length.

The structural cell legs may have a varying cross-sec-
tional form along the leg length.

Reference within this specification to ‘diameter’ should
not be seen as limiting to purely circular cross-sections. As
noted above, the cross-section shape may vary and diameter
as a term 1s used herealter for prolixity to cover various
shapes and forms.

The legs may be widest about the first frame end and
narrowest at the terminal end. In one embodiment, the
widest leg diameter may be less than 12, or 11, or 10, or 9,
or 8 mnches and the narrowest leg diameter may be less than
8, or 7, or 6 inches. In one embodiment, the widest diameter
may be around 7.5 inches and the narrowest diameter may
be around 3.5 inches however the exact dimensions may
vary considerably between designs.

The legs may be at least partly hollow. The legs may be
at least partially open at: the leg frame end; the leg terminal
end; both the leg frame end and the leg terminal end.

The legs may be generally straight although, non-straight
¢.g. bent legs could also be used. Straight legs may be useful
to efliciently transfer a compressive load force along the leg
length.

Structural Cell Leg Length

The structural cell legs may have a common length.

The leg length may be fixed, each leg being a continuous
integral component.

The structural cell leg length may alternatively be adjust-
able. Leg length may for example be adjusted using a
telescoping assembly. Leg length may alternatively be
adjusted by fitting an additional leg section to a first leg
section.

The structural cell leg length may be approximately 150,
or 175, or 200, or 225, or 250, or 275, or 300, or 325, or 350,
or 375, or 400% of the structural cell leg first end diameter.
The structural cell leg length may be approximately 3, or 6,

or 7,or8,or9, or 10, or 11, or 12, or 13, or 14, or 135, or
16,0r 17, or 18, or 19, or 20, or 21, or 22, or 23, or 24, or
25, or 26, or 27, or 28, or 29, or 30 inches long. The

structural cell leg may for example be 5-30 inches long. In
one embodiment, the structural cell leg length may be
approximately 5-13, or 8-12, or around 10 inches long. In an
alternatively embodiment, the leg length may be approxi-
mately 15-23, or 16-23, or 17-21, or around 20 inches long.

Frame and Leg are Integral

The structural cell legs and frame may be one matenal
formed together 1.e. integral.

10

15

20

25

30

35

40

45

50

55

60

65

8

The legs may be moulded with the frame as one element.

Frame Generally and Frame Function

The frame may link the legs together via lateral supports
located about the first frame end of each leg. The frame may
have a top forming a substantially flat plane that may be
generally 1n a horizontal orientation in anticipated applica-
tions but may be angled relative to a horizontal plane 1t
desired (e.g. by up to 1, or 2, or 3, or 4, or 5 degrees), for
example to account for substrate angle varniations such as
uneven ground.

The frame may define the position of each leg relative to
cach other leg, fixing the leg 1n position within the overall
structural cell volume.

The frame may spread a compressive point load across the
structural cell legs. The frame may provide greater rigidity
to a structural cell matrix when multiple structural cells are
used together. The greater rigidity may prevent the structural
cell legs from deforming or moving such as splaying or
buckling when under a compressive load.

Frame Lateral Supports

In a generally vertical planar leg configuration, each
frame lateral support may meet each leg frame end at
approximately 180 degrees to each other lateral support.

In generally square or rectangular leg arrangements, each
frame lateral support may meet each leg frame end at right
angles to each other lateral support.

In circular or rounded leg frame arrangements, each frame
lateral support may meet each leg frame end at approximate
right angles—usually within the range of 70-110 degrees to
cach other lateral support.

Each lateral support may be elongated and narrower in
width than first frame end leg diameter size.

Each lateral support may be linear and straight along the
clongated length.

Each lateral support may be non-linear and varies 1n
straightness along the elongated length.

Each lateral support may have an arc shape along the
clongated length.

Frame and Frame Lateral Support Dimensions

Each lateral support may have a width that 1s approxi-

mately 25, or 30, or 35, or 40, or 45, or 30, or 55, or 60, or
65 or 70, or 75% of the diameter of the first frame end of the
leg. The lateral support width may be from 23-75%, or
40-60%, or 45-355% or approximately 50% of the diameter
of the first frame end of the leg.

Each lateral support may have a length from leg frame
side to leg frame side that 1s approximately 50, or 35, or 60,
or 65, or 70, or 75, or 80, or 85, or 90, or 935, or 100, or 103,
or 110, or 115, 0r 120, or 1235, or 130, or 135, or 140, or 1435,
or 150% that of the diameter of the first frame end of the leg.
The lateral support length from leg frame side to leg frame
side may be approximately 350-150%, or 75-125%, or
90-110%, or approximately 100% of the diameter of the first
frame end of the leg.

In one embodiment of a 3x3 leg square configuration, the
frame width may be approximately 30, or 31, or 32, or 33,
or 34, or 33, or 36, or 37, or 38, or 39, or 40 inches wide and
deep. The frame width and depth may be approximately
30-40 1nches, or 32-38 inches, or 35-377 1nches, or approxi-
mately 36 inches square.
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Other square configurations such as a 2x2 leg square
configuration may have a smaller proportional size or larger
square configurations such as a 4x4 leg square configuration
may have a larger proportional size.

Cell Height

The overall cell height from the terminal end of a leg to
the top of the planar form defined by the top of the frame
such as a frame lip or lips may be approximately 150, or 173,
or 200, or 225, or 250, or 275, or 300, or 325, or 350, or 373,
or 400% of the cell leg frame end diameter. The cell height
may be approximately 5, or 6, or 7, or 8, or 9, or 10, or 11,
or 12, or 13, or 14, or 15, or 16, or 17, or 18, or 19, or 20,
or 21, or 22, or 23, or 24, or 25, or 26, or 27, or 28, or 29,
or 30 inches high. The structural cell height may for example
be 5-30 inches high. In one embodiment, the structural cell
height may be approximately 5-135, or 8-12, or around 10
inches high. In an alternatively embodiment, the structural
cell height may be approximately 15-25, or 16-23, or 17-21,
or around 20 inches high.

As may be appreciated from the above frame dimensions
and cell height dimensions, the structural cell described
herein may be proportionately larger than some art products.
Whilst not being limited to the larger sizes noted, a larger
structural cell size may be beneficial as this may speed
manufacture through fewer units being required, larger more
accessible tooling, faster installation on site, and potentially
a reduction i the amount of plastic needed for a given
matrix volume.

Frame Formwork Detail

The frame lateral supports, leg frame end surrounds and
legs may collectively define a common hollow, this hollow
defining an internal void space.

The hollow may be bound by an extended lip or lips about
the lateral supports and/or leg frame end surrounds.

The common hollow may be the entire volume within all
of the lateral supports and leg ends. The common hollow
may instead be regions of the lateral supports and/or leg
frame ends. The common hollow may be segregated into
different regions for example using at least one spar or rib.

The frame end of each leg may open into the legs
themselves, the hollow then defined by both the leg opening,
as well as any hollows defined by the leg frame end and
lateral supports.

The hollow or hollows may define a volume configured to
receive and retain a structural fluid therein.

The extended lip or lips of the frame may terminate at a
common point so as to form a substantially planar finish.

The extended lip or lips may follow the perimeter of all
of the frame lateral supports and leg frame endings.

The hollow may open 1n a direction opposite the direction
in which the legs extend orthogonally away from the frame.

Structural Fluid

The structural cell may be configured to receive and retain
a structural fluid. The structural fluid may be placed 1nto the
structural cell internal void space or hollow as noted above.

The structural flmd may be poured as a liquid or semi-
liquid 1nto the common socket or sockets and the structural
fluid sets to a solid over time. The structural fluid may only
attain structural capabilities once 1t becomes a solid or ‘sets’.

The structural fluid may be concrete.

The structural fliud may be a thermoset polymer.
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The structural fluid may give the structural cell 1ts struc-
tural capabilities and resistance to compressive load.

The structural fluid may at least partly bear the load of a
hardscape placed on the structural cell.

The structural fluid may at least partly bear a load applied
by an object on a hardscape placed over the structural cell.

Optionally, the structural cell may be separated from the
structural fluid once the fluid has set, the structural fluid

taking the same form as the structural cell defining a similar
free void space within the set structural tluid shape.

Formwork Cell

In a second aspect, there 1s provided a structural cell
tformwork that 1s configured to recerve and retain a structural
fluid therein, the structural cell comprising:

a plurality of hollow legs integrally linked to a frame at a
first frame end, the frame linking the legs together and
the frame defining a generally flat plane with the legs
extending substantially orthogonally away from the
first frame end to a leg terminal end; and

wherein the frame and hollow leg interior collectively
define an 1nternal void space that receives and retains a
structural fluid placed therein.

As noted above, the internal void space may be at least
approximately 1, or 2, or 3, or 4, or 5, or 6, 0or 7, or 8, or 9,
or 10, or 11, 0or 12, or 13, or 14, or 15, or 16, or 17, or 18,
or 19, or 20, or 21, or 22, or 23, or 24, or 25% of the overall
structural cell volume. The structural cell internal void space
may be approximately 15-25%, or 10-15%, or 3-10%, or
1-5% of the overall structural cell volume.

The imternal void space may be substantially located
within the hollow legs.

The frame may comprise lateral supports linking the legs
together about open leg ends. The lateral supports and leg
ends may together define a common hollow that forms the
entire mternal void space. The common hollow may instead
be regions of the lateral supports and/or hollow leg ends. The
common hollow may be segregated into different regions for
example using at least one spar or rib 1n the frame lateral
supports or legs.

As described elsewhere 1n this specification, the structural
cell may have an additional structural flmd added and the
structural cell itself merely acts to retain the structural fluid
and does not itself provide any significant structural load
capacity to the hardscape, instead only having suflicient
strength to receive and retain structural fluid until the
structural fluid 1s set.

A Cell Matrix Using Multiple Structural Cells

In a third aspect, there 1s provided a load bearing matrix
comprising;

a plurality of structural cells aligned vertically and/or
horizontally; and

a plurality of separate plates, each separate plate being
approximately the same width and length as each
structural cell, the separate plates located on top of the
plurality of structural cells and/or below the plurality of
structural cells; and

wherein each structural cell comprises a plurality of legs
integrally linked to a frame at a first leg frame end, the
frame defining a generally flat plane with the legs
extending substantially orthogonally away from the
first leg frame end to a leg terminal end; and

wherein each separate plate comprises plate sockets
linked together via lateral connectors that engage with
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either an opening in the first leg frame end of a first
structural cell, or the leg terminal end of a second

structural cell.

The overall matrix volume may be defined by a free void
space, an internal void space and a portion of structural cell
material itself, wherein:

the free void space of the matrix 1s the sum of each

structural cell free void space, this structural cell free
vold space being the space defined by the frame width
and depth and the leg height less any space used within
this volume for the legs or frame parts and the internal
volume defined by the legs and frame; and

the internal void space of the matrix 1s the sum of each

structural cell internal void space, this structural cell
internal void space being any volume of space within
the legs or frame not accessible from the matrix free
vold space.

The matrix free void space may be at least approximately
75, 0r 76, or 77, or 78, or 79, or 80, or 81, or 82, or &3, or

84, or 83, or 86, or 87, or 88, or 89, or 90% of the overall
matrix volume. The matrix free void space may be approxi-
mately 75-85%, or 80-85%, or 85-90% of the overall matrix
volume.

The matrnix internal void space may be at least approxi-
mately 1, or 2, or 3, or 4, or 5, or 6, or 7, or 8, or 9, or 10,
or 11, or 12, 0or 13, or 14, or 15, or 16, or 17, or 18, or 19,
or 20, or 21, or 22, or 23, or 24, or 25% of the overall matrix
volume. The structural cell internal void space may be
approximately 15-23%, or 10-15%, or 5-10%, or 1-3% of
the overall matrix volume.

Cell Orientations

The frame may form a horizontal plane structural cell top
and the legs extend substantially orthogonally from the
structural cell frame 1n a substantially vertical plane to
provide the structural cell height. In a matrix, the structural
cells may be aligned vertically with each structural cell
frame being located above the legs (‘leg down orientation’).

Alternatively, the frame may form a horizontal plane cell
bottom and the legs extend substantially orthogonally from
the cell frame 1n a vertical plane to provide the structural cell
height, the legs terminating at a point above the frame (‘leg
up orientation’), this termination point being the top of the
structural cell. In a matrix, this leg up orientation may be one
where the structural cells are aligned vertically with each
structural cell frame being located below the legs.

In a further alternative, the structural cells may be aligned
in alternate orientation to form a matrix. For example, the
structural cells may be aligned vertically with each structural
cell frame alternating in orientation from a first layer of
structural cells 1n a frame located below the legs configu-
ration (leg up orientation) to a second layer of structural cells
in a frame located above the legs configuration (leg down
orientation) and optionally, further alternating layers follow-
ing the same alternating arrangement.

Optionally, the at least one separate plate may also be
fitted 1intermediate first and second vertically stacked struc-
tural cells vertically as well on the base or top of a matrix.

The choice of orientation of cell and matrix may be a
combination of factors however, one governing factor may
be the load to be taken by the cells and matrix and/or
whether a structural fluid 1s used or not. For example, 1n low
loading scenarios, 1t may be appropriate to stack the cells 1n
a leg down orientation. In this case, the substrate facing side
of the cells (the leg ends) do not spread a load as much as
the reverse leg up orientation hence the lower loading
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scenar1io. In medium to high load scenarios, it may be
appropriate to orientate the cells 1n a leg up manner so as to
present a wide face (the frame side) of the cell to the
substrate/ground and therefore provide greater load spread-
ing. In high load scenarios 1t may be pretferable to use an
alternating configuration with a leg up base layer and a leg
down layer coming next, the ends of the structural cell legs
in either cell layer meeting together. Leg down configuration
or alternating leg up base layer and leg down next layer
configurations may be useful where a structural fluid 1s used
since the structural fluid can be poured into the wider frame
end and the structural fluid pours down into the narrower
legs and, 1n the case of an alternating matrix, the structural
fluid may pass through leg openings at the leg distal ends
and fill out the leg up cell frame region of the lower cell so
as to give a larger substrate facing surface. One advantage of
the cell shape described herein and the ability to orientate the
cells 1n different ways 1s the ability of the matrix to deal with
less than 1deal substrates. Art products may depend on the
substrate having been prepared, for example through com-
paction or through placement of a concrete surface, so that
the art cell 1s applied to an already hard and level surface.
This may be to address point load problems where an
unprepared surface may lead to unwanted sagging or move-
ment of the cell matrix about weaker or uneven regions. The
cells described herein may, for example through leg up
orientation do not require special substrate preparation since
the frame of the cell has sutlicient load spreading capability
to avoid or minimise point loading.

Separate Plate General Structure and Function

The separate plate may be substantially planar comprising
plate sockets and plate lateral supports linking the plate
sockets together i a desired configuration.

The separate plate may be used to impart rigidity to a
structural cell, for example retaining the leg terminal ends 1n
a desired configuration even when under compressive load-
ing. As described further below, the separate plate may
comprise linkages that may be used to link to other separate
plates and the thereby help confer greater rnigidity and
strength to a matrix of structural cells.

Plate Socket and Plate Lateral Support
Configuration

The position of the plate sockets and plate lateral supports
may substantially mirror the configuration of the frame
lateral supports and frame ends of the legs.

Specifically:

in a generally vertical planar leg configuration, each plate

lateral support may meet each plate socket at 180
degrees to each other plate lateral support;

in a generally square or rectangular arrangement, each

plate lateral support may meet each leg end (frame or
terminal leg end) at rnight angles to each other plate
lateral support;

cach plate lateral support may be elongated and narrower

in width than the plate socket diameter;

cach plate lateral support may have a width and/or depth

that 1s approximately 25, or 30, or 35, or 40, or 45, or
50, or 55, or 60, or 65 or 70, or 75% of the diameter of
the plate socket;

cach plate lateral support may have a length from plate

socket to plate socket that 1s approximately 50, or 53,

or 60, or 65, or 70, or 75, or 80, or 835, or 90, or 95, or
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100, or 105, or 110, or 113, or 120, or 125, or 130, or
135, or 140, or 145, or 150% that of the diameter of the

plate socket.

Plate Lateral Supports

The plate lateral supports may be ribbed elongated mem-
bers.

The plate lateral supports may have a U-shaped or
H-shaped cross section.

Each plate lateral support may be linear and straight along
the support elongated length.

Alternatively, each plate lateral support may be non-linear
and vary 1n path along the support elongated length.

Each plate lateral support may have an arc shape along the
support elongated length.

Plate Socket Shape

The plate sockets may have a cross-sectional shape that
substantially complements and snugly fits the shape of the
terminal end of each leg and/or the shape of the frame end
ol each leg. Reference 1s made above to a socket diameter
implying a circular socket shape. As should be appreciated,
the plate socket shape may vary from circular and reference
to the term ‘diameter’ should not be seen as limiting.

The sockets may be collar shaped with a substantially
circular cross-section.

The socket collar height may be approximately 10, or 15,
or 20, or 235, or 30, or 335, or 40, or 45, or 50, or 55, or 60,
or 65, or 70, or 75% that of the leg terminal end diameter.
The socket collar height may be approximately 10-73%, or
20-75%, or 40-60%, or approximately 50% that of the leg
terminal end diameter.

The socket collar height may be approximately 10, or 15,
or 20, or 235, or 30, or 35, or 40, or 45, or 50, or 55, or 60,
or 65, or 70, or 75% that of the leg frame end diameter. The
socket collar height may be approximately 10-75%, 20-75%,
or 40-60%, or approximately 50% that of the leg frame end
diameter.

In one embodiment, the socket collar height may be
approximately 2, or 2.5,or3,0r 3.5, or4, or 4.5, or 5, or 3.5,
or 6 inches tall. In one embodiment the height may be
approximately 2-6, or 3-5, or around 4 inches tall.

The socket collar height may be approximately the same
irrespective of use or otherwise of the plate at the leg
terminal ends or frame ends.

The plate sockets may have an open configuration so that,
iI a structural fluid 1s used, the structural fluid may pass
through the plate sockets.

Plate Socket Fitting

Each plate socket may, 1t fitted to the frame, {it as a snug
male fitting partly into the top female side of an opening in
the leg frame end of a first structural cell. The opposing leg
terminal end of a second structural cell may fit as a male
fitting into the opening (female side) of the plate socket.
Reverse male/female configurations to the above may also
be used.

The socket collar may have frustoconical interior walls
that allow the leg terminal end and/or leg frame end to mate
snugly with the socket collar interior or exterior walls
depending on the male/female orientation used.

Each socket collar may be formed in two halves for
example comprising:
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a first female half with frustoconical interior walls cam-
bered so as to move from a wider opening diameter to
a narrower mid-diameter and:;

a second male half with frustroconical exterior walls
cambered so as to move from a narrower opening
diameter to a wider mid-diameter.

The socket collar exterior or interior may include friction

modifying features to increase the retention such as keying

or roughened surfaces or features to decrease the retention
such as smoothed surfaces or material choices.

Plate Lateral Connectors

The, or each, separate plate may optionally have at least
one lateral connector used to link multiple plates across a
common (e.g. horizontal) plane. When used with the struc-
tural cell described above, the separate plates may be used
to provide a cell matrix with horizontal plane stability acting

to align the cells. These lateral connectors may be used in
practice to connect abutting structural cells together. The
connection may be about a substantially horizontal plane
with no or minimal separation distance between the struc-
tural cells 1n the matrix other than the distance defined by the
lateral connectors shape and form. The lateral connectors
may, 1n one embodiment, have a shape and form that enables
the legs of each structural cell 1n a matrix to be substantially
equidistant to each other.

The at least one lateral connector may extend from the
separate plate laterally about a plane defined by the separate
plate planar face.

Each separate plate may comprise a plurality of lateral
connectors.

The separate plate lateral connectors may be integrally
formed with other separate plate parts such as the plate
lateral supports and/or plate sockets. The separate plate
lateral connectors may not be separate parts.

Each separate plate may have at least one lateral connec-
tor extending outwardly from a plate perimeter.

The at least one lateral connector may extend outwardly
in an orthogonal direction from a plate lateral support.

A single lateral connector may extend from each plate
lateral support between plate sockets.

Each lateral connector may extend outwardly from a plate
lateral support approximately 23, or 30, or 33, or 40, or 45,
or 50, or 55, or 60, or 65, or 70, or 75% the diameter of a
plate socket.

Each lateral connector may terminate about the widest
point of each plate socket so that the lateral connector ending
1s approximately level with a separate plate edge defined by
the maximum socket outer face position.

Each lateral connector may terminate with either a
T-shaped member or a C-shaped member, the T-shape and
C-shape substantially complementing each other so as to
jo1n together.

In one embodiment, the separate frame may comprise a
3x3 socket square shape and each outward facing plate
lateral support comprises a lateral connector extending
therefrom. In this embodiment, the terminal end of each
lateral connector may alternate between a T-shaped ending
and a C-shaped ending on a first separate plate so as to
complement alternating T-shaped or C-shaped endings of a
turther separate plate located alongside the first separate
plate.

Cell Lateral Connectors

As an alternative to the above (or in combination with the
above), a cell or cells may have lateral connectors extending
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from the cell side(s) to allow connection between abutting
cells, typically about a horizontal plane. The cell lateral
connectors may extend for example from the leg frame end.

The cell lateral connection may as noted above be about
a substantially horizontal plane with no or minimal separa-
tion distance between the structural cells 1n the matrix other
than the distance defined by the cell lateral connector shape
and form. The cell lateral connectors may, in one embodi-
ment, have a shape and form that enables the legs of each
structural cell in a matrix to be substantially equidistant to
cach other.

The at least one lateral connector may extend from the cell
frame laterally about a plane defined by the upper planar
surface of the frame.

Each cell may comprise a plurality of cell lateral connec-
tors.

The cell lateral connectors may be integrally formed with
the cell and may extend the line generally defined by the
connectors used to link the legs of the frame. The cell lateral
connectors may not be separate parts.

Each cell may have at least one lateral connector extend-
ing outwardly from a cell frame perimeter.

The at least one cell lateral connector may extend out-
wardly in an orthogonal direction from a cell frame.

Each cell lateral connector may extend outwardly from a
cell frame approximately 25, or 30, or 35, or 40, or 43, or 30,
or 55, or 60, or 65, or 70, or 75% the diameter of a plate
socket.

Each cell lateral connector may terminate with either a
T-shaped member or a C-shaped member, the T-shape and
C-shape substantially complementing each other so as to
j01n together.

In one embodiment, the cell frame may comprise a 3x3
socket square shape and each outward portion of the frame
comprises a cell lateral connector extending therefrom. In
this embodiment, the terminal end of each cell lateral
connector may alternate between a T-shaped ending and a
C-shaped ending so as to complement alternating T-shaped
or C-shaped endings of a further cell located alongside the
first cell.

Free Sockets

Optionally, separate free sockets may be used alone with
no separate plate or plate lateral supports linking the free
sockets.

In this embodiment, the free socket or free sockets may be
used between cells vertically so as to locate structural cells
together. The free sockets may also provide a common
spacing between structural cells.

The free sockets may align multiple structural cells ver-
tically and prevent movement of a structural cell matrix.

The free sockets may be separate parts mated to the
structural cells as required.

The matrix may further comprise at least one free socket
placed intermediate vertical spaced structural cells, each free
socket linking together an opening in the frame end of a leg
in a {irst structural cell with the terminal end of a leg 1n a
second structural cell.

Like for the separate plate, each free socket may fit as a
snug male fitting partly into the top female side of an
opening in the frame end of a leg in a first cell. The opposing
terminal end of a leg 1in a second cell may fit as a male fitting,
into the opening (female side) of the socket. The reverse
male/female configuration may also be possible.
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The dimensions, form and function of the free socket may
be largely 1dentical to the plate socket and further details on
this are provided above and not repeated here.

The free sockets may, when placed inside the frame end
of a leg, act to provide a footing or stop inside a leg opening
that the exterior of a terminal end of a next cell leg abuts and
1s supported on.

The free sockets may have an open configuration so that,
if a structural fluid 1s used, the structural fluid may pass
through the free sockets.

Materials

The materials used to produce the structural cell above,
the separate plate(s), and the free sockets may be selected
from: plastics, composites, metals, metal alloys, and com-
binations thereof.

Plastics 1 used may optionally be reinforced. For
example, the plastics may be reinforced using fibres such as
glass fibres.

Plastics 1f used may be at least in part recycled plastic.

The structural cells, separate plates and free sockets may
be moulded items.

Kits, Transport, Storage, Assembly

The structural cells, separate plates and free sockets may
form a kit of parts with or without a set of instructions. The
kit of parts may be stored and transported 1n a disassembled
form and assembled 1n situ.

In transport or storage, the structural cells may nest
together, the legs of one structural cell nesting into frame
openings of the legs 1n a subsequent structural cell.

In transport or storage the separate plates may be stacked
on top of each other.

The parts may be light weight and easy to transport and
move. For example, each structural cell may be approxi-
mately 1, or 1.5, or 2, or 2.5, or 3, or 3.5, or 4, or 4.5, or 5,
or 5.5,or6,or6.5,0or7,0r 7.5, 0or 8, or 8.5, or9Y, or9.5, or
10 kg each. In one embodiment, each structural cell may
weigh approximately 2 to 8 kg. In a further embodiment,
cach structural cell may weigh approximately 3 to 5 kg. If
concrete 1s poured into the structural cells as described
turther below, the structural fluid taking up the load imposed
on the cell, the amount of structural cell material may be
reduced, potentially to only that needed to retain the struc-
tural fluid 1n place prior to hardening. As a result, the basic
structural cell weight could be further reduced 11 desired.

The different parts may be assembled toolessly. That 1s,
the parts do not require the use of separate fasteners, hand
tools such as hammers or screw drivers or power tools such
as cordless drills 1n order to be assembled. Assembly uses a
minimum of parts and can be completed with minimal
training and experience.

In one embodiment, each structural cell 1n the matrix may
approximately abut the other structural cell about a horizon-
tal plane with no or minimal separation distance between the
structural cells m the matrix. Each structural cell in the
matrix may approximately abut the other structural cell
about a horizontal plane so that the legs of each structural
cell may be substantially equidistant to each other. Equidis-
tant spacing may be achieved through use of extensions or
widened frame construction or the lateral connectors noted
above so as to still allow structural cell abutment but also
impose a distance of separation between the structural cell
legs. Separate linking members could also be used and
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reference to integral connectors or the lateral connectors
noted earlier 1 this specification should not be seen as
limiting.

Optionally, the matrix may further comprise at least one
free socket placed intermediate vertical spaced structural
cells, each free socket linking together an opening in the

frame end of a leg 1n a first structural cell with the terminal
end of a leg 1 a second structural cell.

Concrete Cell

In a fourth aspect, there 1s provided a structural cell
formed from hardened structural fluid, the structural cell
comprising;

a plurality of solid legs linked to a frame at a first frame
end, the frame defining a generally flat plane with the
legs extending substantially orthogonally away from
the first frame end to a leg terminal end; and wherein
the structural cell defines a free void space therein, the
free void space defined by the frame width and depth
and the leg height, less any space used within this
volume for the legs or frame parts.

Concrete Cell Matrix

In a fifth aspect, there 1s provided a load bearing matrix
comprising;

a plurality of structural cells stacked vertically and/or
horizontally wherein each structural cell 1s formed as
one element from hardened structural fluid, each struc-
tural cell comprising:

a plurality of solid legs linked to a frame at a first frame
end, the frame defining a generally flat plane with the
legs extending substantially orthogonally away from
the first frame end to a leg terminal end; and wherein
the structural cell defines a free void space therein, the
free void space defined by the frame width and depth
and the leg height, less any space used within this
volume for the legs or frame parts.

In the above structural fluid cell and matrix, the structural
fluid used to form the structural cell may be poured 1nto a
structural cell formwork and the formwork remains with the
structural cell. The formwork may instead be removed once
the structural fluid hardens.

The structural fluid 1n the above cell and matrix may be
concrete.

The structural fluid 1n the above cell and matrix may be
a thermoset polymer.

The structural fluid 1n the above cell and matrix may give
the structural cell/matrix its structural capabilities and resis-
tance to compressive load.

Pouring of the structural fluid may occur 1n situ at or about
the final structural cell or matrix position.

The structural cell and/or matrix described 1n the aspects
above may have a compressive strength i excess of 300, or
400, or 500, or 600 kPa. The structural cell and/or matrix
described in the above aspects may have substantially no
clastic deformation/deflection prior to the compressive
strength being reached.

Blanks

A cell or matrix may be fitted with a blank or blanks. In
one embodiment, a blank may be configured to cover part or
all of the hollow 1n the cell frame and legs, the hollow being
a fluid holding portion e.g. internal void space, of the cell.
Alternatively, a blank may be configured to cover part or all
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of the openings leading to the free void space inside the cell
or matrix and block access to the internal void space. In a
further embodiment, a blank may be configured to block
access from the top of the cell into either the free or internal
vold scape of the cell or matrix.

The blank or blanks may be used for example to segregate
the different void spaces for example to allow the structural
fluid to enter the internal void space but be excluded from
the free void space. Alternatively, the blank prevents sub-
strate such as water or soil entering the mternal void space
and only allows access to the free void space. The blank may
also be used to support foot trathic on the cell or matrix and
other 1items such as bar chairs for concrete placement.

Side Panels

As noted above, the cell(s) may be inserted into a pit or
built above ground. Side panels may be erected around the
cell/matrix to provide a solid wall or walls around the
cell/matrix and hence provide a boundary for where sub-
strate such as soil or water may extend to from the free void
space 1nside the cell or matnx.

Base Panel or Footing

Optionally, a cell or matrix of cells may comprise a base
panel or similar footing or footings that are placed on a
substrate and on which the cell/cells are placed thereon. The
base panel or footing(s) may have suflicient structural prop-
erties to prevent movement of the cell(s) or part thereof,
particularly the cell(s) legs, when a compression load 1s
placed on the cell(s). The base panel or footing may also
have suflicient structural properties to prevent localised
displacement of a part or all of a cell or cells into the
substrate or ground on which the cell(s) are placed. The
structural properties noted may be strength to support a
compressive load and rigidity to prevent or minimise rela-
tive displacement about the base panel or footing area.

Cell or Matrix Options

The above described structural cell or matrices may have
service lines runnming through at least one structural cell or at
least part of the matrix free void space.

Optionally, the at least one structural cell or at least part
of the matrix may have a permeable or non-permeable wrap
or barrier beneath, around or above the structural cell/
matrix. This may be a geotextile, plastic wrap or other layer
to separate the structural cell or matrix from the surrounding,
environment.

Optionally, the at least one structural cell or at least part
of the matrix free void space may be at least partly back
filled with a substrate. The substrate may be selected from:
so1l or plant rooting media; filtration media; aggregate; and
combinations thereof.

The so1l 1 used may act as a growing medium for rooting,
plants. The so1l may be uncompacted. The soil may be partly
compacted.

Optionally, the at least one structural cell or at least part
of the matrix may bear a load thereon. The load may be a
static or dynamic load. The load may be a hardscape. The
hardscape may be a road or pavement. The hardscape may
have a load placed thereon such as people, vehicles, machin-
ery and so forth.

Optionally, the at least one structural cell or at least part
of the matrix free void space may be left open and clear of
any other matenals.
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Optionally, the matrix may allow ingress of water into at
least part of the matrix free void space. Egress of water from
the structural cell/matrix free void space or a part thereof
may also be prevented or slowed. Ingress and prevention of
egress may be a way to catch and store storm water run oif
for alternative uses such as wrrigation. This application and
others are described 1 more detail below.

The legs of one structural cell 1n a matrx may substan-
tially align with the legs of a second and subsequent verti-
cally stacked structural cell so as to provide a common
transier ol compressive load down a single leg column from
the top of a matrix to the bottom of the matrix. That 1s, there
1s a continuous alignment of the legs and transier of com-
pressive load across successive structural cells.

Openings 1n the free void space of the matrix may be
substantially continuous from top to bottom or side to side
of the matrix. That 1s, the openings 1n the free void space of
one structural cell may substantially align with the openings
in any additional structural cells used.

A cell matrix described may also comprise at least one
acration line. The aeration line may extend vertically
through the matrix spanning some or all of the structural
cells therein.

Method

In a sixth aspect, there 1s provided a method of forming
a load bearing matrix, the method comprising the steps of:

select at least one structural cell substantially as described

above and a substrate on which the load bearing matrix
will be formed:

place separate plates on the substrate;

place a first layer of structural cells on the separate plates;

repeat placing of structural cell layers vertically until the

desired matrix height i1s reached;

place separate plates on top of the final structural cell

layer; and optionally,

placing a load on the matrix.

Optionally, the linking the cells and/or separate plates
may be linked together via at least one lateral connector
during the method above.

Optionally, barrier material may be positioned 1n the pit
base or sides belfore the first separate plate layer 1s placed
onto the pit substrate.

Optionally, after fitting the first or other subsequent layer
of structural cells 1n the matrix, free sockets and/or separate
plates may be fitted to the lower layer of structural cells
before placement of a further layer of structural cells
thereon.

Optionally, where a structural fluid 1s used, the structural
fluid may be poured into the at least one structural cell
during matrix assembly.

Applications

The cells and cell matrices described above may be used
in a variety of ways both like traditional structural cells, as
well as 1in new applications, such as those where leg or other
part deflection was an 1ssue or limiting factor.

One example typical application may be to fill the cell
void space with uncompacted soil so as to allow for tree root
growth within the cell under a hardscape such as a road or
pavement. The cells and matrices described may perform
this function with or without concrete infill and thereby act
in this traditional manner. An advantage though of the cell
design described over the art 1s that the material require-
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ments of the design described are, 1n the mnventor’s experi-
ence, lower than art designs meaning a lower overall cell
COst.

An alternative application may be to use the cell void
space as a water reservoir where the void space 1s used to
capture and retain, or at least partly retain, storm water.
Retention of water (or other liquids) may be indefinite or,
alternatively for a pre-determined period of time. Retention
may be to provide a bufler, for example i1n stormwater
drains, thereby reducing the impact of tlash tlood events on
stormwater treatment systems by limiting the flow of water
to a stormwater system. The limited flow may be pre-set to
a volume that the system can cope with and thereby avoiding
flooding, unwanted outfall or other undesirable events. Full
retention may be used to store water for a future time when
water 1s needed e.g. for irnigation. Liquid egress from the
structural cell or matrix may be through the cell or matrix
base or walls or even through an orifice. Retention may be
achieved using impermeable layers around the outside of a
structural cell volume or the outside of a matrix. The
impermeable layer may have areas that are open e.g. to an
orifice or through a filter so as to direct egress of liquid from
the matrix.

The cells or matrices may also be used as filters. For
example, stormwater run off may enter cells/matrices and
the cells/matrices may contain filtration media. The storm-
water 1n this example may pass through the filter material
and be purified or screened prior to release into the ground
or to a transport system post filtration. The same principle
could be used for bunding for example around petrochemi-
cal storage tanks (or used 1n the ground surrounding petro-
chemical storage tanks) as a means to capture and even treat
a spill.

There can also be other uses for structural cells or
matrices using the structural cells where void space 1s
needed 1n order to fill a volume and where some degree of
structural strength and integrity 1s required. One example
might be in the construction of roadside berms, over bridges
and the like where structural cell matrices may provide an
alternative to transporting and delivery of significant vol-
umes of nfill. Another example may be in the construction
of bunding around tanks, hill screening for privacy and
security and so on.

Another cell/matrix volume fill application may be about
firewalls or partitions between building levels. Optionally
the cell void space could be filled with flame retardant,
service lines and so on.

A yet further application may be to provide a spacing
between a building roof top and garden on the roof top, the
cells and matrix formed from the cells providing both a
structural level that can be walked on as well as at least 1n
part, a growing medium for trees or other larger rootball
plants.

A yet further application of the cells and matrix described
may be to replace and/or supplement other load bearing
materials 1n building foundations. In recent times, at least in
carthquake prone areas, domestic house foundations are
constructed using so-called ‘rib rait’ or ‘rait’ foundations
that have load bearing members amongst polystyrene or
other high volume matenals as a filler. The cells and
matrices described herein may perform a similar function to
the load bearing members and polystyrene fillers all from
one matrix and, for example, only filling selected cells with
concrete.

Advantages of the above cell and matrix are described
above, however one advantage reiterated here may include
climination of any deflection of the legs or other parts when




US 11,821,222 B2

21

subjected to a compressive load. Detlection using art prod-
ucts may be small but this still may be of some importance
when used beneath pavements subjected to unrestricted or
dynamic vertical loads. If a brittle hardscape or higher load
1s used, deflection to any extent may be detrimental to the
hardscape or surrounding material. The structural cell
described, particularly when filled with a structural fluid that
hardens, may better withstand compressive loads and com-
pletely avoid any deflection at all. Concrete in particular
represents a uselul structural fluid since 1t 1s well understood
and widely used and accepted 1n structural applications. The
cells and matrices described may further allow for new
applications and uses of structural cells thereby increasing
the design versatility and usage.

The embodiments described above may also be said
broadly to consist 1n the parts, elements and features referred
to or indicated in the specification of the application, indi-
vidually or collectively, and any or all combinations of any
two or more said parts, elements or features.

Further, where specific integers are mentioned herein
which have known equivalents in the art to which the
embodiments relate, such known equivalents are deemed to
be mcorporated herein as of individually set forth.

WORKING EXAMPLES

The above described structural cells, matrices and meth-
ods of assembly are now described by reference to specific
examples.

Example 1

FIGS. 1-14 illustrate various embodiments of one form of
structural cell and matrix.

As shown 1n at least FIG. 1 and FIG. 2 a structural cell
generally indicated by arrow 1 may be a combination of a
plurality of legs 2 integrally linked to a frame 3 at a first
frame end 4, the frame 3 linking the legs 2 together and
defining a generally flat plane with the legs 2 extending
substantially orthogonally away from the frame 3 plane to a
leg 2 terminal end 5. The structural cell 1 may also comprise
a separate plate 6 engaging the legs 2, the separate plate 6
comprising sockets 7 linking via plate lateral supports 14,
cach socket 7 engaging the leg 2 terminal ends 5. Alterna-
tively, the sockets 7 engage the leg 2 frame 3 ends 4.

FIG. 1 illustrates one matrix arrangement starting with a
separate plate 6 as a base, a cell 1 with legs 2 and a frame
3, then another separate plate 6, then a subsequent cell 1 with
legs 2 and a frame 3, then topped with a further separate
plate 6. FIG. 2 1llustrates an alternative arrangement where
the separate plate 6 1s used again on the base and top of the
matrix however, intermediate the cells lie free sockets 8, one
socket 8 for each leg 2 frame end 4. Note that a specific view
of the free socket 8 1s shown 1n FIG. 6. The bottom side 9
of each free socket 8 engages the top of a leg 2 at the frame
3 end 4 of a leg 2. Engagement 1s by a male/female fitting,
the free socket 8 lower end fitting as a male fitting into the
temale opeming of the leg 2. The upper cell terminal leg 2
ends 5 fit again via a male/female connection, in this case,
the leg 2 terminal ends 5 {it as male fittings 1nto the top side
10 of the free socket 8.

The overall structural cell 1 shape best seen 1 FIG. 3,
FIG. 4 and FIG. 5 1s defined by the extent of the frame 3
width, depth and the leg 2 length. As shown in the Figures,
there are no other items or parts present about the structural
cell 1 height other than the legs 2. When viewed side on such
as the views shown 1n FIGS. 5, 9 and 14, each structural cell
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may present openings completely through the structural cell
or matrix between the legs 2.

The overall structural cell 1 volume i1s defined by a free
vold space e.g. that between the cell 1 legs 2, an internal void
space such as the open space inside the legs 2 and frame 3
and a portion of structural cell 1 matenal itself. The free void

space 1s the space defined by the frame 3 width W and depth
D and the leg 2 height H shown i FIG. 3, FIG. 4 and FIG.
5 less any space used within this volume for the legs 2 or
frame 3 parts and any internal void space within the legs 2
and frame 3. The internal void space may be defined by any
volume of space within the legs 2 or frame 3 not accessible
from within the free void space. As should be appreciated,
none of the leg 2 volume may be accessible from the free
vold space if the legs 2 are continuous in form along their
height H for example being solid legs (not shown) or
alternatively being hollow legs 2 as shown 1n the Figures but
without any openings accessible from inside the free void
space. Alternatively, at least some of the leg 2 volume may
be accessible to the free void space if the leg 2 or legs 2 are
hollow internally and 11 an opening exists 1n the leg sides
(not shown).

The hardscape (not shown) may be a road or pavement
laid over the top of a matrix, typically over the top of an
uppermost separate plate 6.

The structural cell may have multiple legs 2, the legs 2
arranged relative to each other 1n regular or even patterns
that collectively spread a compressive load placed thereon.
The Figures illustrate cells 1 with a total of nine legs 2
arranged 1n a 3x3 grid or square shape. This should not be
seen as limiting since a variety of other leg 2 numbers and
configurations may also be used.

The legs 2 shown 1n the Figures are substantially round 1n
cross-section and tubular in length having a frustroconical
shape. The legs 2 may take other shapes and forms not
shown. The tubular legs 2 are widest about the frame 3 end
4 and narrowest at the terminal end 3.

The legs 2 shown 1n the Figures are hollow and open at
the frame 3 end 4 with the terminal end 5 being closed. This
may be a useful configuration when structural tluid hereafter
referred to as being concrete 1s poured into the cells 1.

The legs 2 have a common length or height H. The leg 2
height H may vary, in the embodiments illustrated being
approximately 16-20 inches long although this dimension
may be varied depending on the desired design and end
applications.

The structural cell 1 legs 2 and frame 3 as shown in the
Figures are one material formed together 1.¢. integral.

The frame 3 comprises lateral supports 11 linking the
frame 3 end 4 of each leg 2, the frame 3 as a whole defining
a generally flat plane. In the Figures, the frame 3 flat plane
1s 1n a horizontal orientation but this orientation may be
angled (not shown) relative to a horizontal plane 11 desired
(e.g. by upto 1, or 2, or 3, or 4, or 5 degrees), for example
to account for substrate angle vanations such as uneven
ground.

The frame 3 and lateral support 11 positioning defines the
position of each leg 2 relative to each other leg 2, fixing the
leg 2 1n position within the overall structural cell 1 volume.

In the square leg arrangement shown 1n the Figures, each
frame 3 lateral support 11 meets each leg 2 frame 3 end 4 at
approximately right angles (90 degrees) to each other lateral
support 11.

Each lateral support 11 is elongated and narrower 1n width
than frame 3 end 4 leg 2 diameter size. Each lateral support
11 1s linear and straight along the elongated length.
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Each lateral support 11 has a width that 1s approximately
50% of the diameter of the first frame 3 end 4 of the leg 2
however this width may be varied.

Each lateral support 11 has a length from leg 2 frame 3
side to leg 2 frame 3 side that 1s approximately 100% of the
diameter of the frame 3 end 4 of the leg 2.

In the 3x3 leg 2 square configuration shown in the
Figures, the frame 3 width and depth may be approximately
35-37 inches, or approximately 36 inches square.

The overall cell 1 height H from the terminal end of a leg
2 to the top of the planar form defined by the top of the frame
3 such as a frame lip or lips 12 may be approximately 150
to 400% of the cell 1 leg 2 frame 3 end 4 diameter. In the
Figures, the overall cell 1 height 1s around 16-19 inches or
approximately 18 inches high.

The frame 3 lateral supports 11 and leg 2 frame 3 end 4
surrounds may collectively define a common hollow gener-
ally shown by arrow 13 in FIG. 3, this hollow 13 being
equivalent to the internal void space noted above. The
hollow 13 1s bound 1n the Figures by an extended lip or lips
12 about the lateral supports 11 and/or leg 2 frame 3 end 4
surrounds.

The common hollow 13 as shown in the Figures 1s the
entire volume within all of the lateral supports 11 and leg 2
ends 4. The hollow 13 or hollows 13 define a volume that 1s
capable of receiving and retaining concrete (not shown)
therein.

The extended lip or lips 12 of the frame 3 may end at a
common point so as to form the frame 3 substantially planar
finish. The extended lip or lips 12 follow the perimeter of all
of the frame 3 lateral supports 11 and leg 2 frame 3 endings
4.

The concrete (not shown) may be poured as a liquid or
semi-liquid into the hollow or hollows 13 optionally through
the plate sockets 7 or free sockets 8 11 used and the concrete
sets to a solid over time.

As shown 1 FIGS. 1 and 2, the cells 1 may be orientated
to have the cell 1 frame 3 at the top with the legs 2 extending,
below the frame 3. Multiple structural cells 1 are stacked
vertically using this same orientation with each structural
cell frame 3 being located above the legs 2.

Alternatively (not shown), the frame 3 may form the cell
base and the legs extend substantially upwardly from the cell
1 frame 3. Multiple structural cells 1 may be stacked using
this same orientation with each structural cell 1 frame 3
being located beneath the legs 2.

In a further alternative, best 1llustrated 1n FIGS. 9, 10 and
13, structural cells 1 stacked on one another may alternate 1n
orientation. For example, a first structural cell 1 may be laid
onto a substrate or separate plate 6 frame 3 side down with
the legs 2 extending vertically upwards. A second structural
cell 1 may then be placed onto the first structural cell 1, the
second structural cell 1 terminal leg 2 ends 5 abutting and
aligning with the first structural cell 1 terminal leg 2 ends
and the second structural cell 1 then finishing at a highest
point about the structural cell 1 frame 3.

The separate plate 6 shown in various Figures but spe-
cifically in FIG. 7 and FIG. 11 has lateral supports 14 may
be ribbed elongated members. The plate 6 lateral supports 14
may have a U-shaped or H-shaped cross section best seen in
FIG. 7. Each plate 6 lateral support 14 is linear and straight
along the support 14 elongated length.

The plate 6 sockets 7 (and free sockets 8) may have a
cross-sectional shape that substantially complements and
snugly fits the shape of the terminal end 5 of each leg 2
and/or the shape of the frame 3 end 4 of each leg 2.
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The plate sockets 7 and free sockets 8 have substantially
similar shapes, the shape best seen 1 FIG. 6 (a free socket
8 1s shown however the only difference 1s the presence of
plate lateral supports 1n the plate socket 7). Each socket 7,
8 15 collar shaped with a substantially circular cross-section.
The socket 7, 8 collar height may be approximately 25-75%,
or 40-60%, or approximately 50% that of the leg 2 terminal
end 5 diameter.

The socket 7, 8 collar height may be approximately
25-75%, or 40-60%, or approximately 50% that of the leg 2
frame 3 end 4 diameter.

Each plate 6 socket 7 or free socket 8 fits to the frame 3
as a snug male fitting partly into the top female side of an
opening 1n the frame 3 end 4 of a leg 2 1n a first cell 1.
Alternatively, the opposing terminal end of a leg 2 1n a
second cell 1 may fit as a male fitting into the opening
(female side) of the plate 6 socket 7 or free socket 8. Reverse
male/female configurations to the above may also be used.
The socket 7, 8 collar may have frustroconical interior
walls that allow the leg 2 terminal end 5 and/or leg frame end
4 to mate snugly with the socket 7, 8 collar interior or
exterior walls depending on the male/female ornentation
used.

Each socket 7, 8 collar may be formed 1n two halves best
seen 1n FIG. 6 for example comprising:

a first female half 9 with frustroconical interior walls
cambered so as to move from a wider opening diameter to
a narrower mid-diameter and;

a second male half 10 with frustroconical exterior walls
cambered so as to move from a narrower opening diameter
to a wider mid-diameter.

The internal mid-point between the socket 7, 8 halves may
include a shoulder or narrowed diameter rib 15. The shoul-

der may run fully around the interior circumierence of the
socket 7, 8.

As best seen 1n FIG. 7 and Detail D of FIG. 8, the separate
plate 6 also comprises lateral connectors 16. The lateral
connectors 16 are used to link multiple plates 6 across a
common (e.g. horizontal) plane. When used with the struc-
tural cell 1 described above, the separate plates 6 may be
used to provide a cell matrix with horizontal plane stability
acting to align the cells 1.

The lateral connectors 16 extend orthogonally from the
separate plate 6 perimeter about a plane defined by the
separate plate 6 planar face.

The separate plate 6 lateral connectors 16 are moulded
with the separate plate 6.

Each lateral connector 16 terminates about the widest
point of each plate 6 socket 7 so that the lateral connector 16
ending 1s approximately level with a separate plate 6 edge
defined by the maximum socket 7 outer face position
marked X i FIG. 7.

Each lateral connector may terminate with either a
T-shaped member 16A or a C-shaped member 16B, the
T-shape 16 A and C-shape 16B substantially complementing
cach other so as to join together when fitted together.

In one embodiment, the separate frame 6 may comprise a
3x3 socket 7 square shape and each outward facing plate 6
lateral support 14 comprises a lateral connector 16 extending
theretfrom. In this embodiment, the terminal end 16A, 16B
of each lateral connector 16 may alternate between a
T-shaped ending 16 A and a C-shaped ending 16B on a {first
separate plate 6 so as to complement alternating T-shaped
16A or C-shaped 16B endings of a further separate plate 6
located alongside the first separate plate 6.

The lateral connectors 16 may instead or 1n addition be
located on the cell 1 frame 3 (not shown). In this embodi-
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ment, the lateral connectors 16 may extend from the frame
3 frame end 4 outwardly to allow direct connection between

cells 1.

The materials used to produce the structural cell 1,
separate plate 6 and free sockets 8 1f used shown in the
Figures may be plastic although other materials may be
used.

As may be appreciated, the Figures 1llustrate a structural
cell 1 that may be regarded as being a preformed formwork
cell ready to receive concrete therein, this in the main being
due to the presence of hollows 13 in the frame and legs that
are open at the frame end to receive and retain concrete
poured therein. The structural cells shown could instead be
closed with no hollows 13 for example and the embodiments
shown 1n the Figures should not be seen as limiting.

In an alternative embodiment not shown, the structural
cell may be formed as one element from hardened concrete
for placement below a hardscape. The concrete structural
cell may take on the form provided by the structural cell 1
prescribed by the form work shown in the Figures, the
resulting concrete cell having a plurality of solid concrete
legs linked to a concrete frame at a first frame end, the
concrete frame defining a generally flat plane with the legs
extending substantially orthogonally away from the concrete
frame plane to a concrete leg terminal ending; and wherein
the concrete cell defines a free void space therein defined by
the concrete frame width and depth and the leg height less
any space used within this volume for the legs or frame
parts.

Pouring of the concrete 1t used into the structural cell 1
may occur in situ at or about the final structural cell 1 or
concrete cell (not shown) position.

As should be appreciated, the concrete cells noted may
also be arranged to form matrices such as those 1llustrated 1n

FIG. 1, FIG. 2, FIG. 9, FIG. 10 and FIG. 13.

The legs 2 of one structural cell 1 1 a matrix may
substantially align with the legs 2 of a second and subse-
quent vertically stacked structural cell 1 so as to provide a
common transfer ol compressive load down a single leg 2
column from the top of a cell 1 matrix to the bottom of the

cell 1 matrnix. That 1s, there 1s a continuous alignment of the
legs 2 and transier of compressive load across successive
structural cells 1.

Openings 1n the free void space of the matrix may be
substantially continuous from top to bottom or side to side
of the matrix. That 1s, the openings 1n the free void space of
one structural cell may substantially align with the openings
in any additional structural cells 1 used.

A matrix may be rapidly assembled as follows:

1. Excavate a pit 1n which the matrix 1s to be formed and
optionally line the pit base and/or sides with a perme-
able or non-permeable layer;

2. Place separate plates 6 on the pit base substrate, linking,
the separate plates 6 together via the lateral connectors
16;

3. Place a first layer of structural cells 1 on the separate
plates 6 aligning and fitting together the structural cell
1 leg 2 terminal ends S or frame ends 4 depending on
the structural cell 1 orientation (frame 3 side up or
down) with the separate plate 6 sockets 7;

4. Repeat fitting structural cell 1 layers until the desired
matrix height 1s reached optionally including further
intermediate separate plates 6 between the structural
cell 1 layers or including free sockets 8 between the
structural cell 1 layers;
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5. Place separate plates 6 on top of the final structural cell
1 layer, linking the separate plates 6 together via the at
least one lateral connector 16; and

6. Placing a hardscape on the matrix.

Where a concrete 1s used, the concrete may be poured 1nto
the at least one structural cell 1 during matrix assembly, for
example as each structural cell layer is fitted or once the
whole matrix 1s assembled, the concrete being poured
through the top most separate plate 6 sockets 7 and runming
down each cell 1 layer assuming openings are present,
usually between the structural cell 1 legs 2 to allow flow of
concrete across multiple structural cell 1 layers.

Aspects of the structural cells, matrices and methods of
assembly have been described by way of example only and
it should be appreciated that modifications and additions
may be made thereto without departing from the scope of the
claims herein.

What 1s claimed 1s:

1. A structural cell formwork comprising:

a frame having lateral supports;

a plurality of legs each having a frame end and a terminal

end;

said plurality of legs connected to said frame at said frame

end and extending away from said frame;

wherein said frame couples said plurality of legs together

via said lateral supports, said lateral supports located
about said frame end with said frame defining a free
vold space between said lateral supports; and

said plurality of legs and said frame defining an internal

vo1d space located 1nside said plurality of legs and said
lateral supports, the mternal void space configured to
receive concrete therein.

2. The structural cell formwork as claimed 1n claim 1
wherein said internal void space 1s continuous and not
segmented.

3. The structural cell formwork as claimed 1n claim 1
wherein said free void space comprises 75-90% of a volume
of said structural cell formwork and said internal void space
comprises 1-25% of said volume of said structural cell
formwork, the balance of said volume being the volume of
said frame or said plurality of legs themselves.

4. The structural cell formwork as claimed 1n claim 1
wherein said plurality of legs and said frame are integral to
cach other.

5. The structural cell formwork as claimed 1n claim 1
wherein said plurality of legs and said frame are molded
together.

6. The structural cell formwork as claimed in claim 1
wherein said structural cell formwork comprises four legs.

7. The structural cell formwork as claimed 1n claim 1
wherein said structural cell formwork has a height from 3 to
30 1nches.

8. The structural cell formwork according to claim 1,
where said plurality of legs are arranged relative to each
other to collectively spread a compressive load placed
thereon.

9. The structural cell formwork according to claim 1,
wherein said plurality of legs are hollow and at least partially
open at: said leg frame end; said leg terminal end;

or both said leg frame end and said leg terminal end.

10. The structural cell formwork according to claim 1,
wherein concrete 1s poured i and retained within said
internal void space.

11. The structural cell formwork according to claim 1,
wherein said structural cell formwork has a compression
strength 1n excess of 300 kPa.
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12. The structural cell formwork according to claim 1,
wherein said structural cell formwork has a compression
strength 1n excess of 100 kPa.

13. The structural cell formwork as claimed 1n claim 1,
wherein, without concrete therein, the structural cell form-
work resists elastic deformation up to a point 5-20% below
a final compressive strength of the structural cell formwork
when plastic deformation occurs.

14. A load bearing matrix comprising:

a plurality of structural cell formwork, the structural cell

formwork aligned vertically and/or horizontally;
wherein each structural cell formwork comprises:

a frame having lateral supports;

a plurality of legs each having a frame end and a terminal

end;

said plurality of legs connected to said frame at said frame

end and extending away from said frame;

wherein said frame couples said plurality of legs together

via said lateral supports, said lateral supports located
about said frame end with said frame defining a free
vold space between said lateral supports; and

said plurality of legs and said frame defining an internal

vold space located 1nside said plurality of legs and said
lateral supports, the internal void space configured to

receive concrete therein.
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15. The load bearing matrix according to claim 14,
wherein said structural cell formwork are aligned vertically
with each said frame of said structural cell formwork
alternating in orientation from a first layer of said structural
cell formwork 1n a frame located below said plurality of legs
configuration to a second layer of said structural cell form-
work 1n a frame located above said plurality of legs con-
figuration.

16. The load bearing matrix according to claim 135,
wherein the load bearing matrix further comprises free
sockets, each free socket comprising a first male fitting that,
when fitted to said structural cell formwork, fits partly into
a female opeming 1n said leg terminal end of said first
structural cell formwork and, an opposing male fitting of
said free socket that fits partly into a female opening 1n said
leg terminal end of said second structural cell formwork.

17. The load bearing matrix according to claim 16,
wherein said free sockets have an open configuration so that,
when concrete 1s added to said internal void space of said
structural cell formwork, the concrete pours through the free

socket from said first structural cell formwork to said second
structural cell formwork.
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